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Abstract
In order to solve the group decision making problems with ordinal interval preference
information, a new decision method is proposed based on VIKOR method. The VIKOR
method of compromise ranking determines a compromise solution, providing a maximum
“group utility” for the “majority” and a minimum of an “individual regret” for the
“opponent”, which is an effective tool in multi-attribute decision making. By integrating
the operational laws of ordinal interval and the concept of VIKOR method, the detail
calculation steps are developed for the group decision making with ordinal interval
preference information. Because the comprehensive evaluation values are still interval
numbers, we induce the possibility degree to compare these interval numbers. Finally, an
example is given, the result shows the approach is simple, effective and easy to calculate.
Keywords: group decision making, ordinal interval, preference information, VIKOR
method

1. Introduction
Due to the fuzziness and uncertainty of the objective things, in some practical group
decision making process, members in the group may provide fuzzy or uncertain
preference information when they are asked to rank alternatives [1]. For example, some
member of a group may sort the alternative in first, second or third, which the three order
are equal in his/her opinion because of his/her limitation of knowledge or other reasons.
Then the ordinal preference information will occur in this situation [2-4]. In recent years,
the group decision making methods dealing with ordinal preference information attract
many scholars’ interest. Many methods are put forward. Ref. [5] proposed a decision
making method to solve group decision making problems with ordinal preference
information by using integer programming method. Ref. [6] proposed a method which
first transform the conversion of reciprocal judgment matrix into order interval
through the comparison of two alternatives, then solve the group decision problem with
the method proposed by Ref. [5]. On the basis of the traditional Borda method,
Ref. [7] proposed a method of solving ordinal preference information in group decision
making method, which has the advantage of clear in concept, and simple in calculation
comparing with the integer programming method. On the basis of TOPSIS method, Ref.
[8] presented a method to group decision making problem with ordinal interval preference
information. Ref. [9] extended Grey relational analysis (GRA) method to group decision
making problems with ordinal preference information. VIKOR method, firstly proposed
by Opricovic [10], can provide a maximum “group utility of the majority” as well as the
minimum “individual regret of the opponent”. Thus in the group decision making process,
it has much advantage over other method, such as TOPSIS and ELECTRE Method [11,
12]. Motivated by the concept of VIKOR method, a new group decision method is put
forward to solve the group decision making problems with ordinal interval information.
The rest of the paper is organized as follows. Section 2 gives the preliminary
knowledge of ordinal interval information. In Section 3, a new decision making method is
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proposed based on the concept of VIKOR, and to illustrate the effectiveness and
feasibility of the proposed method, a practical example is given in Section 4. Finally, a
conclusion is given in Section 5.

2. Preliminary Knowledge
The preliminary definitions and lemmas are given as below.
Definition 1. [7, 8] Suppose r L and r U be two positive real numbers, and they satisfy
L
r  r U . Then r  [r L , r U ] is called ordinal interval.
In particular, when r L  r U , then the order interval r is degraded as ordinary order
value. Without loss of generality, it is assumed that the smaller value of r L (or r U ), the
better of the actual meaning (e.g., ranking order). For example, r  [r L , rU ]  [2,4]
indicates that the alternative can be ranked equivalent in the position of no. 2, 3 or 4.
Definition 2. [8] Let r1  [r1L , r1U ] and r2  [r2L , r2U ] be two any uncertain preference
ordinal intervals, then the distance measure between them is defined as follows:
d (r1 , r2 ) | r1L  r2L |  | r1U  r2U |
(1)
Obviously, the smaller of d (r1 , r2 ) is, the smaller difference degree of r1 and r2 is. In
particular, when there is uncertainty d (r1 , r2 )  0 , we say preference r1 is equal to r2 (i.e.
r1  r2 ).
Suppose that u  (u1 , u2 ,..., un )T and v  (v1 , v2 ,..., vn )T are two any preference ordinal
interval vectors, where ui (i  1, 2,..., n) and v j ( j  1, 2,..., n) are all uncertain ordinal
intervals.

Let w  ( w1 , w2 ,..., wn )T be

a weight

vector, where

w j represents

important degree of u j and v j , which satisfies w j  0 , j  1, 2,..., n and

n

w
j 1

j

the

 1 . The

weighted distance of the two uncertainty preference ordinal vectors u and v , noted by
d (u , v ) , is defined as follows:
n

d (u , v )   [ w j | r1L  r2L |  w j | r1U  r2U |]]

(2)

j 1

Definition 3. [13] Let a   a L , aU  and b  b L , bU  are two any interval numbers,
then the the possible degree of a  b is
max{0, la  lb  max(bU  a L ,0)}
p(a  b ) 
la  lb

(3)

where la  aU  a L and lb  bU  b L are the length of a and b .
Suppose that X  {x1 , x2 ,..., xm } is a set of m (m  2) alternatives, where xi is the ith
alternative; E  {E1 , E2 ,..., En } is a set of n (n  2) experts, where E j is the jth expert;
And w  ( w1 , w2 ,..., wn )T is the weight vector of experts, where w j is the weight (or
n

important degree) of expert E j ，and w j satisfies

w
j 1

j

 1 , w j  0 ， j  1, 2,..., n . The

weight vector is usually given by the organizers of expert group decision analysis. The
uncertain preference information decision matrix can be written as R  (rij )mn , where

rij  [rijL , rijU ] is ordinal interval evaluation information of the expert E j with respect to the
alternative xi .
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Without loss of generality, we assume that the smaller rijL or rijU is, the better the
ranking position of the corresponding alternative xi is.

3. VIKOR Method for Group Decision with Ordinal Interval Numbers
VIKOR method is a multi-attribute decision making method and firstly proposed by
Opricovic in 1998. VIKOR method defines ideal solutions and negative-ideal solutions
firstly, and then sorts the alternatives and choose the best one in the light of all values of
each alternative and the approach degree of ideal alternative. It is a compromise decisionmaking method, which not only considers maximum group utility but also considers
minimum individual regret. VIKOR is a decision-making method coming from LP-metric
aggregate function [14], which has the following form:
1/ p

 n  x  x  p 


j
ij
(4)
Lp (i )    w j 

 


xj  xj  
j 1 



Where 1  p   , j  1, 2,..., n with respect to the attribute, and i  1, 2,..., m with
respect to the alternative xi .
For alternative xi , the evaluated value of the jth attribute is denoted by xij , and n is
the number of attribute. The measure Lp (i) shows the distance measure between
alternative xi with the positive-ideal solution x  ( x1 , x2 ,..., xn ) .
When p  1 and p   , respectively, then the equation
n
 xj  xij
d ip 1  Si   w j  
 x  x
j 1
j
 j





(5)

stands for group utility;
The equation
  xj  xij  
dip   Ri  max  w j  
(6)
 


1 j  n
  x j  x j  
stands for individual regret.
The sorting functions used by VIKOR method are combined measurement functions
of Eq. (5) and Eq. (6). VIKOR method has been applied to many fields, such as Green
Supplier Selection [15], Selection of industrial robots [16], water resources planning [17]
and hospital service evaluation [18].
Based on VIKOR method, we propose a new group decision method under ordinal
interval environment, and the specific calculation steps are given as follows:
Step 1. Determine the positive ideal solution (PIS) r  and negative ideal solution (NIS)
r  as follows:
r   {r1 , r2 ,..., rn } and r   {r1 , r2 ,..., rn }
where rj  [1,1], rj  [m, m], j  1,2,..., n .
Step 2. Calculate the group utility value Si  [ SiL , SiU ] and individual regret value
Ri  [ RiL , RiU ] , where:

S   wj
L
i

j

rijL  rj
rj  rj

, S   wj
U
i

j

rijU  rj
rj  rj

(7)
and

Copyright ⓒ 2016 SERSC

69

International Journal of Hybrid Information Technology
Vol.9, No.2 (2016)

RiL  max{w j (
1 j  n

rijL  rj

)} , RiU  max{w j (


rj  rj

1 j  n

rijU  rj
rj  rj

(8)

)}

Step3. Calculate the comprehensive sorting index Qi  [QiL , QiU ] , where
Si  S 
Ri  R 

(1


)
(9)
S  S
R   R
by the algorithm of interval fuzzy number :
S L  S
RiL  R 
QiL   i

(1


)
(10)
S  S
R   R
and
SU  S 
RiU  R 
QiU   i

(1


)
(11)
S  S
R   R
Here S   min SiL , S   max SiU , R   min RiL , R   max RiU . The parameter  is called
Qi  

i

i

i

i

decision mechanism index, and it lies in [0,1] . If   0.5 , it means making decision in
the light of maximum group benefit (i.e., if  is big, group utility is emphasized); if
  0.5 , it means making decision in accordance with compromise. If   0.5 , it means
making decision in the light of minimum individual regret value. In the VIKOR, take
  0.5 generally, that is, compromise makes maximum group benefit and minimum
individual regret value.
Step4. Rank the fuzzy numbers Qi , S i and Ri .
Since Qi , S i and Ri are still interval numbers, then we use the possible degree theory
to compare two interval numbers.
For a number of interval numbers Ai  [ AiL , AiU ] ( i  1, 2,..., m ), the comparison steps of
these interval numbers are given as follows:
(a) According to the Eq. (3), for any two interval numbers Ai  [ AiL , AiU ] and

Aj  [ ALj , AUj ] , we first calculate the possible degree pij  p( Ai  Aj ) and then construct
the possible degree matrix P  ( pij )mm , which produced by comparison any two interval
numbers Ai  [ AiL , AiU ] and Ai  [ AiL , AiU ] , where i, j  1, 2,..., m . Xu [19] proved that the
matrix P  ( pij )mm satisfies pij  0, pij  p ji  1 , pii  0.5 (i, j  1, 2,..., m) .
Thus the matrix P  ( pij )mm is a fuzzy complementary judgment matrix, and then we
can rank the alternatives as follow.
(b) Rank the interval numbers Ai  [ AiL , AiU ], i  1,2,..., m .
The ranking formula is given as follows
m
1
m
ui 
( pij   1), i  1, 2,..., m
(12)
m(m  1) j 1
2
The smaller ui is, the smaller Ai  [ AiL , AiU ] is.
Step 5. Rank the alternatives based on Qi , S i and Ri ( i  1, 2,..., m ).
The smaller of the interval number Qi is, then the better alternative xi is. Propose as a
compromise the alternative ( A(1) ) which is ranked first by the measure
min{Qi | i  1, 2,..., m} if the following two conditions are satisfied [20]:
(i) (Acceptable advantage): Q( A(2) )  Q( A(1) )  1/ (m  1) , where A(2) is the
alternative with second position in the ranking list by R ; m is the number of
alternatives.
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(ii) (Acceptable stability in decision making): Alternative A(1) must also be the best
ranked by { S i or/and Ri | i  1, 2,..., m} .

4. Case Analysis
To illustrate the effectiveness and feasibility of the proposed method, the example
adopted the paper [21] is used to analysis. The example is given as follow:
Eastsoft is one of the top five software companies in China. To improve the operation
and competitiveness capability in the global market, Eastsoft plans to establish a strategic
alliance with a transnational corporation. After lots of consultations, four transnational
corporations HP ( x1 ), PHILIPS ( x2 ), EMC ( x3 ), and SAP ( x4 ) are the candidate
alternatives, which would like to establish a strategic alliance with Eastsoft. To select the
desirable strategic alliance partner, Eastsoft invited five experts E1 , E2 , E3 , E4 and E5 to
participate in the decision analysis. The five experts respectively come from the operation
management department, the engineering management department, the finance
department, the human resources department, and the business process outsourcing
department of Eastsoft. The evaluation information given by the five experts is in the
form of ordinal interval number, which is shown in Table 1. The weight vector of experts
provided by the decision maker is w  (0.2,0.2,0.2,0.2,0.2)T .
Table 1. Preference Information Provided by Experts
x1
x2
x3
x4

E1

E2

E3

E4

E5

[2,3]
[1,1]
[2,4]
[3,4]

[3,4]
[1,2]
[1,2]
[3,4]

[4,4]
[2,3]
[2,3]
[1,2]

[1,1]
[2,3]
[4,4]
[2,3]

[2,3]
[1,3]
[1,2]
[4,4]

In order to solve the problem of group decision making, we use the proposed VIKOR
method to solve, and the step is given as follows.
Step 1. Determine the positive ideal solution (PIS) r  and negative ideal solution (NIS)
r  as follows:
r   {r1 , r2 , r3 , r4 , r5 }
and
r   {r1 , r2 , r3 , r4 , r5 } ,
where rj  [1,1], rj  [4,4], j  1,2,3,4,5 .
Step 2. According to the Eq.(7) and Eq.(8), the group utility value Si  [ SiL , SiU ] and
individual regret value Ri  [ RiL , RiU ] are given as follows:

S1  [0.4667,0.6667], S2  [0.1333,0.4667],
S3  [0.3333,0.6667], S4  [0.5333,0.8000]
and

R1  [0.2000,0.2000], R2  [0.0667,0.1333],
R3  [0.2000,0.2000], R4  [0.2000,0.2000]
Step 3. Calculate the comprehensive sorting index Qi  [QiL , QiU ] ：

Q1  [0.75,0.90], Q2  [0,0.5],
Q3  [0.65,0.90], Q4  [0.80,1.0].

Copyright ⓒ 2016 SERSC

71

International Journal of Hybrid Information Technology
Vol.9, No.2 (2016)

Step 4. According to the Eq.(3), the possible degree matrix P  ( pij )mm is
1.0 0.625 0.2857 
 0.50
 0
0.50
0
0 
P
 0.375 1.0
0.5
0.222 


0.7143 1.0 0.7778 0.50 
Step 5. Rank the alternatives.
According to the derived ranking values and matrix P , the ranking order of the
alternatives with possibility degrees is
u1  0.2842, u2  0.1250, u3  0.2851, u4  0.3327
So, the ranking order is x4 x1 x3 x2 . The ranking result above is the same as that
derived by Fan and Liu [21] and Xu [22].

5. Conclusion
For the group decision making problems with ordinal preference information, a new
decision method is put forward based on VIKOR method. The proposed VIKOR method
provide a maximum “group utility of the majority” as well as the minimum “individual
regret of the opponent”. Thus in the group decision making process, it has much
advantage over other method, such as TOPSIS and ELECTRE Method. Further, the
proposed method is easy to calculate, and it has more advantage than the integer
programming method. Finally, a case study is use to demonstrate and validate the
application of the proposed method. The proposed method can also be extended to other
multi-attribute group decision making problems in which attribute values are expressed
with interval numbers, triangular fuzzy numbers, intuitionistic fuzzy numbers and hestiant
fuzzy numbers.
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